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The Instructahie Production System proj rct  is exp loring the incri i iental gi owth
prope rt ies of product ion sys tem s  (PS s ) by co rv~ t r u  ting a generall y m t  h~ c’nt problem—
solving sys tem by gradual (ex tern a l)  ins t ruct ic n. 1 lie dc ’fuiit ion of PS and our cur re n t

ar c I i it nc  lure are given elsewhere in th is velur e (t Jew el l , 1 (377;  rorgy ae(1 Mc l)err,iot I,
1 977) . 1 Ire prese n t I ~~~ domain H an ~l)s tr dc I jo h shop, in whi t  h f in ished goods are r~ iide
from raw r a ter i a ls .  We s tar t  wi th Ve r n01  (a siial l PS of about 200 prodtic lions) which
has t lie h,s ic ;lpal)ilit vs to grow by v i  r uct ion: (1)  P~OCe ss a rest i  icted na tura l  langi ‘,r ?;
(2) ~o a Productions from its input; (3) impose PS contro l co n. ’ent Uris on them; and (‘1)
pe rform ha’ I( manil ulat ions in i t s erivi onment (R y boner & Mr i.rll , 1 977) . We tak e t lip
ba~ac on ;iutat ionat and represent at ional adequacy of PSs for A l programs as establ i shed.

This short nott ’  prese nts sor e imme diate ~J j f f i .  ult ies We rv pcct to e nc s i i n t c r .  These
d er i v e  f r o m  the ins truct ional ‘ i t ij a t  ion: ( 1) The nst r .a.tor an observe I he system in the
environmen t and can co ri rr unic ate w i th  it fr eel y, but cannot  ey rrnine i t s  nt i’ rnal st ruct r i r  e
dirc t l y. (2) Interact ion w ith  t i re .y. t e a  is in an r:.:ternal language , analn~_ , aus to ca Irn at
language. (3) 1 he nit a l ive for inte r ac lion is i i  x c i . (ii) Instru lion t r ay  be on any top ic
s p e C  f i r  t a . k . , genera l 

~~
i o p e r t i r , of t a rs , the l~ e;gis gr of co r im in icat ior i , pe’ .si bte e r r nrs ,

h o w  to plan and ex p lore , etc. (5)  Knowled ge arid system st ruct ure gairu d throug h
i r i s t r u c t u r i  accumul a tes ove r the l ife cit the sy s t e ri .

Our cur rent apprn v h uses r~~~ans - r nclc ~n ~~~~ as hi’ i a ~ic philo’ flpFi) ’ of both
pro hle rr i - ’~nlvin. , and ins t ruc t ion.  Goal’ . a re sy i lir l ‘ t r uc t i i re , in Wo i king h~r rao ry h i t
(J ( r I le ch. ’.iro d sl it s and proc ess ing e n t i r e l y Liough the ravarv. and t e s t s . ~!r . n’. are
en 0(1 ‘3 a .  produc t ioiis that re’ ognL’ e goals and a~ s ’ r  I su bgoals whose sat is f ac t  ion will
ar l i e .  t i .  go t 1 . T e l  .ir~~ iv oded as product ions that re ogniae t i re c ondit ion~ of
sat i f  act  er of the goal . 1 lie tar t r y  p1 oduc t r o t s form a means—ends network of goals .
Inst t t ic  t i c n  c on s is ts of elaborat ing liii nodes of thi s r ietwor k as req u i red  by a I a k .

Now for ti re dif f i c ti ll k’s on the irr irandiate hori’on:

1. Contact: How can initial con tac t  be made w i th  exi sting knowledge that might be
relevant to the tas k at hand, whir Ii is riot part of the means~ends network delil.ei aIrily
c ie a t c d  by ins truct ion for t i e  t as k? Use of the data acquired throug h e>’perience is

rcqti irec l in any intelli gent agent. O n e  doted ted , much process ing can be spent on
cl iscovei ing relevance , but initial co nt act  may be ex tr ernc ly dif f icult .  Any general
intelligent system will have too much knowled ge to cons ider exhaustivel y. PS
ar l r i t cc t t i r es  exp loit this by stor in g all knowled ge as p roduc t ion s  which are evoked only if
their conditions “sec t h emselves ” in the Working Mem ory. But means prOductions are
acquired in specific conte x t s and their conditions become keyed to specif ic goals and task
features. One approach might be to generate va riat ions of current Working Memory goals
and data until something is evoked.

2. Incoherency : Tire PS may be essentiall y incoherent in describing its s ituation and
di f f icu l t i es  t o an external  instructor.  The mo ans -end s network hel ps (by providing the
sa m e leve l of explanatory capability as in current ex pert system s ), bu t is not suff icient.

-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  
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E.g., describe what 
‘
went w ron g  f r o m  thi n debiis loft in Working Memory. The PS’s

diagnostic and exp lanatory capabil i t ies are expandable by instruction , but it is currently
unclear how this will work.

3. Means-ends anal ys is e f f i c i e n c y :  Initial instruction produces a more elaborate
netw ork than is necessa ry.  The instructor  uses numerous intermediat e goals , both to  make
his ins t ruct ion sequenc es Cas ie r to generate and to allow comp lex procedures to be taug ht
at all ; mii iscommuri c ,t io n lead’ S to a pa t c hwork  of variant procedures; the PS uses. a goal—
CIR uiIll.) L~recJ moni tor  trig mode of operat ion inrer ling supervisory goals and proces ses ; etc.
l irure a le t hree modes of var y i rr g e f f ic ienc ies:  a compiled , ef f ic i e nt  mode; ordinary
in ..I r n c  t o n  mock’ ; arid the monitoring mode, Our primary concern is t r ar i ’ fo rm ing from t he
Ordinary form to l ie  coriipiled form , whiki maintaining a capabili ty to revert  bark to the
ot tu  r Iwo in c i i’ HLigg ing si t c i at  ions . This n a y  not be at ta inable simpl y through in’truc lion;
arc iii t i c  I ur at mocli f ic at ion may be i equirod.

1. Uti l izing d rst a nt i y re lated krrow lccl re : Knowled ge about other t a~ is impe rfect
f o r a g iv r r ’i tas k; i t is also ernhc ddecl in n-.e thods and encoded in represen t ation ’ . c re,ilr’d
for (and local to) the distant In k, All th ese asp~ c l s  cause di f f icu lt y, eve n it c o r r t a c l  is
mad (per 1) A dear syix. plorn will In’ re pe t i t i ve  instruct ion to cove r minor ta s k
var at ion’ . . One appr oac Ii is to avoid t ire d if f icult y by adopting unif o rri ; convent ion’.. for
cur oding. We th rnk this won ’! viork . We favor a t tempt in g to m a p  rnet i~od.. to rriet lisvls (and
r(’ l ,rc rotat ion ’ , to re present ations), using ideas from Merlin (Moore ~ l~ev,’elt , 1973).

Si ~port . This re’ -’rch w ce . su pported in part by t ir e Dcfensc Ar~,a r icocJ h” :.carch
[r oj  c t ’  A gr ’ r ic y under Contr .-n t no. F’1’ 1C2 O- 73-C-00711 and monitored by the Air rorce
ONn of Sc ien t i f i c  kc ’ ’earc l i .
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~( 2 )  form productions from its input; (3) impose PS control conventions on them; and (4)
perfo rm bas ic m anipulations in its environment.~~ychener & Newell , l977).~~Ne take the
basic comput ationa l and representational adequacy of PSs for Al programs as established)

This shortc”note presents some immediate diff ic ult ies ~~ expec t to encounter , 41’hese
de rive f r o m  t ine  i n s t ruc t io na l  s i t u a t i o n :  (1) The i ns t ruc to r  can observe the syster ni in the
environment and can communicate w i th  it  f reel y, but cannot examine its internal structure
direct l y; (2) Interact ion with the system is in an external  language , analogous to nat ura i
language; (3) The init iative for interact ion is mixed, (4) Instruction may be on any topi c~~ ~speci f ic  tasks , general pr operties of tasks , the language of communication , possible errors ,
how to plan and exp lore , etc. ,,1 (5) Knowledge and system structure gained through
ins truct ion accumulates over the life of the system. ~TV~

Our*urrent approach uses me~ n~ -encJs anal~~ ic as the basic philosophy cnf both
~~i ohle m—solv iri g and instruction. ~ Goals are symbol str uctures in Working Memory that
de~ ril)e desired stales and processing entirel y throug h the means and te s ts .  Ana n’. ar e
enco ded .v. productions that recognize goals and assert subgoals whose sa t i s fac t ion  wi l t
ac hieve the goals. Tests are encoded as prod uctions that recognize the conditions of
sa t i s f a c t ion  of the goal. The m eans productions form a means-end s network of goals.
Instruction consists of elaborat ing the nodes of this network. as required by a task . _ 

- 
. , , .

~ 
-

- . - ,, ‘ ,. ~- ,,,,, • 
‘ , . . , . -

-
; 

, , - 
,

b 
~14 

‘

~~; ‘ 
~~~:‘ (JNC I.A .SSI HE1)

- 
, ‘S r’ - 

‘ .‘ ~,ç ~ :, , . ‘. ,~ 
‘ - :  - 

- , SECURITY CLASSIFICAT ION THIS PAGE(WR.f , Oats Eat•t54)

_ _ _  _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ~~~~~~~~~~~ . 
.4

~~~
—--

~~~~~~~
-— — - - -  

~“~~~~~~~ T T ’ ~~~ 
—


